Abstract
Background -A study was undertaken to test the long term performance of a small hand held spirometer for selfadministered serial spirometric testing. Methods -Thirty turbine pocket spirometers (MicroMedical DiaryCard) were used in a clinical trial on 22 emphysematous patients with severe cxl-antitrypsin deficiency. The spirometers were able to store the date, time, forced expiratory volume in one second (FEVy), forced vital capacity (FVC), peak expiratory flow (PEF), and flow-volume loop for each blow. Every four weeks when the patients came for zx1-antitrypsin infusions the performance of their spirometer was checked before and after retrieval of the data from the spirometer. Calibration checks were threefold and included volume calibration with a 1.0 litre and 3.0 litre syringe, and flow calibration with a decompression calibrator. Results -After two years of study the mean number of spirometric recordings performed per spirometer was 693 (range 237-1178), and the mean number of calibration checks was 33 (range 2-57). The coefficient of variation of the calibration signal was 1-2% for syringes and 0.5-1% for the decompression calibrator. The bearings of one turbine exhibited excessive friction after 17 months. None of the other 29 instruments showed drift, and a general drift of all spirometers towards larger or smaller readings could not be shown. However, unforeseen problems in the stability ofthe 
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). All measurements were divided by the overall mean of measurements at that particular inflation pressure, and each point represents the mean of a two month period. Bars indicate the standard error of the mean. provide significant results with fewer patients and within a shorter time.2 Such an approach requires meticulous control of the spirometers.
For the first two years we used well tried equipment in a rather laborious setup.8 In 1992 we compared the bellows spirometer with two hand held flow based (Fleisch type pneumotach or turbine) spirometers attached to small computers with the capacity to store the date, hour, FEV1, FVC, and PEF of several hundred tests.9 Both types of small spirometer had problems during the initial phase which resulted in a considerable loss of data. For one type the problems were related to software, and for the other type the transducer cable had to be replaced on several occasions because of internal breaks. The problems were corrected by the manufacturer and, at the end of 1992, we decided to change from the bellows spirometers to the small turbine spirometers.
These hand held spirometers have been used successfully in the monitoring of lung transplants'°11 but, apart from that, little is known about their long term durability and reproducibility. Hence, we considered it very important to monitor the long term performance of these new instruments by calibration checks at four week intervals. Initially we found that the coefficient of variation within a calibration procedure was smaller with the decompression calibrator than with the 1.0 and 3.0 litre syringes,4 which suggested that the calibrator could be a more sensitive indicator of drift of the spirometers.
The present study revealed calibration problems that could not be anticipated. We found fluctuations in the mean measurements of the calibrator output of the order of 5% (fig 2) which is not acceptable when trying to detect an annual difference in decline in lung function between treatment groups of only 1-2%. However, the pattern of fluctuations (identical for all meters) suggested that the problem was the calibration procedure and not the spirometers. A sudden change in the mean level occurred in January 1994 and could be ascribed to the change of an 0-ring of the calibrator. The fact that the change in measurements was largest for FVC, which spans up to 10 seconds, and least for PEF (fig 2) suggested a leak in the calibrator. This suspicion was confirmed and localised to the 0-ring.
The sudden fall in reading after the service in January was compatible with there being a leak and another 0-ring was fitted with some improvement, but there was a further slight fall in the reading at the end of 1994 which suggested an increase in leak during this time. Our results suggest that, despite the problems with this calibrator, the spirometer readings themselves were stable because the standard error of the mean did not vary with time. If some of the spirometers had changed their reading over time the standard error would have altered and there would have been evidence of a drift in the syringe readings.
It is a prerequisite for the detection of drift of an instrument that the observation procedure is more stable than the instrument under observation. In the present study the calibrator did not live up to this ideal. Standardisation of calibration equipment and procedures are well described,'2 although there is no information on the long term stability of syringes and more complex calibrators. The ATS recommends that volumetric spirometer systems must be evaluated for leaks on a daily basis.'2 This should apply to calibration devices as well. The results also underline the importance of applying several independent methods of calibration checks, especially in long term studies.
The fluctuations of the syringe calibrations were smaller and in the opposite direction for the 1.0 and 3.0 litre syringes (fig 1) . Further analysis showed that the variation was related to a gradual change in our handling of the syringes. Initially we emptied the syringes gingerly and slowly but, as our routine improved, we gradually put more pressure on the piston and, as shown in fig 1, an increase in flow could be documented by the flow-volume data of the spirometers. The fact that the volumes obtained with the 1.0 litre syringe decreased with increasing flows, whereas the opposite applied to the 3.0 litre syringe, was explained by a small deviation from linearity that has previously been shown for the turbine flow measurements.' Thus, the fluctuations in the syringe calibrations mainly reflected variations in flow. Again we were reassured by the fact that the standard error of the mean kept stable throughout the whole study period. This is the first study to examine, in detail, the performance of turbine spirometers suitable for home monitoring. Durability was acceptable over a two year period with only one spirometer failing out of 30. Reproducibility was excellent, exceeding that of the calibration equipment. The use of such spirometers may increase the power of clinical investigations designed to detect changes in lung function.
